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Catalysts,  by definition,  affect only the velocity of a  reaction and 
the activity of a catalyst, therefore, should be expressed as a velocity 
constant.  Since enzymes are generally considered to be catalysts the 
unit of enzyme activity should also be expressed as a velocity constant. 
In order to do this, however, it is necessary to know the kinetic equa- 
tion for the reaction.  In the case of most enzyme reactions this equa- 
tion is not known and it is therefore not possible to express the activity 
of the enzyme as a velocity constant.  This is especially true of pepsin 
and trypsin.  It is necessary, therefore, to use some more or less arbi- 
trary definition of activity and it has been found convenient in the case 
of pepsin to express the activity in terms of the initial rate of the reac- 
tion due to the presence of the enzyme.  This definition of activity is 
useful for analytical purposes and may be used to compare the activity 
of various quantities of the same enzyme with the same substrate but 
cannot be used to compare the activity of different enzymes acting on 
different substrates. 
Proteolytic  activity,  as  defined  in  this  way,  corresponds  to  the 
measurement of optical activity and refers to a  property of the solu- 
tion.  The activity caused by unit quantity of a preparation is called 
the specific activity and in this paper is expressed as units of activity 
observed per rag.  protein-nitrogen  added in the enzyme preparation. 
The specific activity is abbreviated  ....  ~Prot.  as W.U.Jmg.N.  In general the units 
are similar to those used by Euler (1) and Willstittter (2). 
Selection of Methods 
The methods described in the present paper have been developed in 
connection with the study of the purification of pepsin and have been 
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chosen from a large number of possible methods with regard to their 
accuracy, convenience, and significance.  When a  protein solution is 
acted upon by pepsin a number of chemical and physical changes occur 
and it cannot be told beforehand whether or not these different changes 
are due to different enzymes.  It is advisable, therefore, to use more 
than one change in the properties of the protein solution so as to detect 
the possible presence of more than one enzyme.  For the same reason 
it is advisable to determine the activity with more than one protein. 
It was found, for instance, in the progress of the purification of pepsin 
that one fraction was extremely active in the liquefaction of gelatin 
(3), whereas it was not especially active in changing its chemical prop- 
erties.  The presence of this specific  enzyme would  not  have  been 
suspected had not the determinations been made in several different 
ways. 
The first effect of pepsin on protein solutions is a very rapid decrease 
in viscosity accompanied by a slower decrease in the quantity of nitro- 
gen present in  the form of protein  and by a  still slower increase in 
the number of fitratable  carboxyl  (or  amino)  groups.  The  optical 
activity and conductivity also change but the three former properties 
have been selected as characteristic of the various changes occurring 
during the digestion of a protein solution. 
The method of determining the activity by the change in viscosity 
has the advantage of rapidity and accuracy (4).  Four or five deter- 
minations may be completed in less than an hour and comparative 
determinations may be made with a probable error of less than 5 per 
cent.  When the determination is made at different times with solu- 
tions prepared from various samples of proteins the variation is quite 
marked and may be 100 per cent owing to the difficulty of preparing 
protein solutions of the same properties at different times with differ- 
ent protein samples.  Gelatin preparations are, however, quite repro- 
ducible and the change in the viscosity of gelatin has been found to be 
one of the most accurate, convenient, and reproducible methods.  The 
change in viscosity has the disadvantage that there is some question as 
to its physical significance and especially as to its relation to the chem- 
ical changes (5, 6). 
The method of determining the formation of non-protein nitrogen 
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more troublesome than the viscosity method.  It has the further dis- 
advantage that the quantity of non-protein nitrogen produced has no 
simple  relation  to  the quantity of enzyme except when very small 
amounts of enzyme are used and under these conditions the determina- 
tion is not very accurate.  Like the viscosity method, the formation 
of non-protein nitrogen gives results which cannot be directly inter- 
preted in terms of the chemical changes. 
The method of determining the digestion by the increase in carboxyl 
(or amino) groups is much better in this latter respect since the chem- 
ical  significance of this  measurement is  clear.  The  method is  not 
especially accurate or convenient and the titration has to be carried 
out  with  considerable  care owing  to  the  fact  that  the  increase in 
carboxyl groups is a  very small per cent of the total titration of the 
solution.  As  in  the case of the formation of soluble  nitrogen,  the 
increase in the formol titration is not proportional to the quantity of 
enzyme except with very small amounts of enzyme which again yield 
very small and uncertain titrations. 
Selection of Proteins 
Gelatin, edestin, casein, and a  standardized solution of dried milk 
have been selected for the activity tests since these solutions represent 
widely different classes of proteins and are the most easily obtainable 
in preparations  of more or less constant properties.  In addition to 
these methods a colorimetric method for determining the formation of 
soluble tryptophane and tyrosine from hemoglobin has been developed 
by Anson (7). 
Activity Units 
An ideal unit of activity should contain factors for all the various 
conditions affecting the activity of the enzyme so that a constant figure 
for the activity would be obtained no matter how the determination 
was carried out.  There are so many factors affecting the rate of pep- 
tic digestion, however, that it is not possible to collect them all into 
one constant factor and it is  necessary to  select arbitrary standard 
conditions  for  the  determination.  In  fixing  these  conditions  it  is 
necessary to  consider the constancy with which they can be repro- 
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pH, etc.  After these conditions have been selected it is again neces- 
sary to make an arbitrary selection of the units in which the activity 
is to be expressed.  Since changes in different properties of the protein 
solutions are measured by various methods, it is necessary to use dif- 
ferent dimensions for  the  activity units  for  the  separate  methods. 
The following definitions have been selected. 
Unit of Peptic Activity as Defined by Changes in Viscosity of Gelatin, 
Casein  or  Edestin  Solutions [P.U.]Pr°t~snV.--One unit  of  activity  is 
defined as a  change in the specific viscosity of the standard protein 
solution at 35.5°C. at the rate of 1 per cent per minute, and the quan- 
tity of material possessing one unit of activity is that quantity which 
will cause this rate of change in the viscosity when contained in 5.2 ml. 
of the standard digestion mixture.  This value is determined from the 
initial  slope of the viscosity-time curve as described in  detail below. 
The activity is expressed as per cent change since this value is nearly 
independent of the protein concentration.  The temperature is fixed 
at 35.5°C.  since at this temperature the viscosity of gelatin remains 
constant with time while at higher temperatures it decreases and at 
lower temperatures it increases. 
Coagulation of Milk  [P.U.]Ren'.--In the case of the coagulation of 
milk the viscosity time curve is not straight but curves upward rapidly 
so that the initial slope cannot be determined as is the case with the 
preceding detelTninations.  The percentage increase in the viscosity is 
therefore determined arbitrarily from the point at which the specific 
viscosity is doubled and is obtained by dividing 100 by the time in 
minutes required to  cause this change.  The physical significance of 
this  figure is  evidently the percentage increase in  the viscosity per 
minute which would be obtained if the increase in viscosity with time 
were linear over this range. 
Activity  Units  As Determined by the Formation  of Soluble Nitrogen 
~P.U.]  I'r°t" S.--One unit of activity is defined as the liberation of non- 
protein nitrogen at the rate of 1 milliequivalent per minute at 35.5°C. 
in 6 ml. of standard digestion mixture, and the quantity of material 
possessing one unit of activity is that quantity which will cause this 
rate of change in the formation of non-protein nitrogen when contained 
in 6.0 ml. of the standard digestion mixture.  In this case actual rather 
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dent of the protein concentration.  The figure may be obtained by 
interpolating from a series of determinations made with small amounts 
of enzyme at various times or from the initial slope of a curve obtained 
by plotting the change caused by increasing quantities of enzyme after 
the same time interval. 
Activity  Units  As  Defined  by  the  Increase  in  Formol  Titration 
[P. U.]  Pr°t" F.--One unit of activity is defined as an increase in carboxyl 
(or amino)  groups  in  6.0  ml.  of the  standard  digestion mixture at 
35.5°C. at the rate of 1 milliequivalent per minute, and the quantity of 
material possessing one unit  of activity is  that  quantity which will 
cause this rate of change in the formation of carboxyl groups when 
contained in 6.0 ml. of the standard digestion mixture.  This figure is 
obtained in the same way as that for the increase in soluble nitrogen. 
It represents either the increase in carboxyl groups or the increase in 
amino groups, depending upon whether or not the zwitter ion theory 
of proteins  and amino acids is  correct.  According to  the classical 
theory it measures the carboxyl (acid) groups. 
EXPERIMENTAL  PROCEDURE 
1.  Viscosity 
Standard Protein Solution 
Gelatin.--12.5 gin. air-dry isoelectric gelatin prepared as described by Northrop 
and Kunitz (8) is stirred into 200 ml. of water; the suspension warmed to 45°C. and 
made up to 500  ml.  A  few crystals of thymol are added and the solution kept 
in the ice box.  The relative viscosity of this solution should be between 2.1 and 
2.3 at 35.5°C.  The solution may be kept without change for several weeks at 5°C. 
but the viscosity decreases slowly at 35.5°C. so that only sufficient of the solution 
is warmed to 35.5°C. for 1 day's use.  Isoelectric gelatin is used rather than acid 
gelatin since the viscosity of acid gelatin changes quite rapidly.  Also the viscosity 
of isoelectric gelatin solutions is more easily reproducible and less sensitive to slight 
changes in pH and especially to the addition of small amounts of salts.  Very much 
larger quantities of enzyme than would be required at pH 2 are needed and this 
also is an advantage since it obviates the necessity of making very high dilutions of 
the enzyme so]ution used. 
Casein SoMtion.--25 gin. of Kahlbaum's casein (according to Hammersten) are 
stirred into 500 ml. of water at about 40°C., care being taken to avoid the formation 
of large lumps.  25 ml. of molar hydrochloric acid are then added slowly and the 
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water for ½  hour and then removed and kept in the ice box.  The relative viscosity 
of this solution should be about 4.  It varies, however, considerably with different 
casein preparations and especially with the length and temperature of  heating. 
If the solution is not heated the viscosity is much higher but changes quite rapidly 
at 35°C. which necessitates a large and uncertain correction.  The determinations 
made with the same casein solution may be reproduced within ~  5 per cent but 
different casein solutions prepared from various samples of casein may give values 
differing 100 per cent, especially in the value for the positive viscosity change. 
Edestin.--25 gm. of crystalline edestin recrystallized from NaC1  at  50°C.  are 
stirred into 500 ml. of water at about 40°C. and 35 ml. ~/1 hydrochloric acid added 
and the solution stirred until the edestin dissolves.  The flask is then immersed in 
boiling water  for  ½ hour and the solution kept in the ice box.  The relative vis- 
cosity of this solution should be about 2.2.  It remains constant indefinitely in 
the ice box and changes only very slightly at 35.5°C.  The change in viscosity of 
this solution is very regular and comparative results are accurate to ~  2 or 3 per 
cent when made with the same edestin solution.  As in the case of casein, however, 
the  different solutions prepared  from  different lots  of  edestin may  give  quite 
different results.  The viscosity is also sensitive to the length of time and tempera- 
ture of heating as in the case of casein. 
Milk.--A number of attempts were made to prepare a reproducible casein solu- 
tion for  the  measurement of  the  rennet activity.  The  results, however,  were 
extremely variable as were determinations made with different samples of milk. 
Solutions may be prepared from dried milk powder ("Klim") which are quite repro- 
ducible when prepared from the same original sample and which do not vary ex- 
cessively when prepared from different samples.  50 gm. of the milk powder is 
stirred into 500 ml. of water at about 40°C.  50 ml. of ~/1, pH 5 acetate buffer 
added, and the solution kept in the ice box until wanted.  Great care must be taken 
to avoid contamination  with the slightest amount of active enzyme as exceedingly 
minute quantities of pepsin will cause very marked changes in the viscosity of this 
solution.  The specific viscosity of the solution should be about 1.7.  It may be 
kept for several weeks  in the  ice  box or  for  several  hours  at  35.5°C.  without 
variation. 
Technique of the Determination.--The methods used for measuring the change 
in viscosity are the same for all the various solutions and one description will serve 
for all.  Ostwald type viscosimeters are used.  If reproducible results with differ- 
ent instruments are to be obtained it is necessary that the time of outflow be long 
enough to  give real viscosity measurements; i.e.,  at least 20 seconds should be 
required for the passage of 1 ml. of water.  It is convenient to carry out four deter- 
minations simultaneously and the subsequent calculations are much simpler if the 
four viscosimeters used all have the same time for the outflow of water.  The ordl- 
nary type of viscosimeters supplied by apparatus manufacturers contain 2 ml. with 
a delivery time of about 70 to 80 seconds.  They are clamped vertically in a row in 
a  glass-walled  thermostat set at 35.5°C.  -~ 0.05°C.  The pipettes are washed and 
dried while in position by drawing through water and then acetone.  Since the JOHN  H.  NORTHROP  47 
capillaries are rather fine in these instruments it is necessary to filter all solutions 
through hard filter paper as any small particles such as shreds of filter paper will 
clog  the  capillary.  This  is  the  most  troublesome  source  of  variation  in  the 
measurements.  It  is  also  necessary  to  use  accurate  stop-watches  as  measure- 
ments are made to 0.2 of a  second and irregularities in the curve have frequently 
been traced to erratic stop-watches. 
5 ml. of the protein solution is pipetted into a  50 ml. test-tube and allowed to 
remain in the water bath until it has reached the temperature of the bath.  0.2 ml. 
of the solution to  be tested  is then added  to  the 5  ml. protein  solution and  the 
time of addition  noted.  The tube is shaken  and  contents poured into  the wide 
arm of the viscosimeter.  The liquid is drawn up into the bulb with gentle suction 
so as to avoid air bubbles and the time of the outflow measured with a stop-watch. 
The time at which the viscosimeter is about one-half empty is also noted and this 
TABLE  I 
Calculation  of Peptic A ctivity from Viscosity  Time Curves 
Method 
Wo .................... 
A t min ................ 
[P.U.]Pr°tein  V  5.2  ml. 
digestion mixture .... 
Mg.  pepsin N  per 5 ml. 
protein solution ....... 
P U ]Prot. V 
•  "Jmg.  pepsin N ....... 
7asein V-I  Casein V- 
control 
004  [  0.11 
3.14  3  14 
10  10 
0.13  0.35 
0  2 X  10  -~ 
1100 
Casein V  + 
1.20 
3.14 
10 
3.8 
!1  X  10  -2 
380 
Rennet 
0.65 
0.64 
24 
4.17 
1 X  10  -5 
420,000 
Edestin V- 
0.038 
1.326 
10 
0.285 
4  X  10  -4 
7OO 
Pepsin unit  =  [P.U. ]Protein V  =  %  change  in  additional viscosity per rain.  =  -- 
Gelatin V- 
0.024 
1.05 
10 
0.23 
2 X  10  4 
11.5 
100 AV 
VoAT 
time is taken  as corresponding  to  that  of the viscosity reading.  As soon as the 
liquid has run through the viscosimeter it is drawn up again and another measure- 
ment made.  In this way a series of times of outflow are determined at intervals of 
about  5  or 6  minutes•  The specific viscosity corresponding  to  these readings  is 
then  calculated by Equation  I  and  these figures are plotted  against  the elapsed 
time. 
]Protein V  P.U.j  =  per cent change in viscosity per mill. 
1005V  100(t"~o  -  t",t) 
VozXT  (t",o  -- t'H~O)t 
t'%  =  outflow  time  for  solution  at  beginning;  this  is  determined  by  extra- 
polating to 0 time; 
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FIG. 1.  Change in specific viscosity of milk, edestin, and gelatin solutions with 
different quantities of crystalline pepsin. 
t"H,O  =  outflow time for water. 
t  =  time in minutes since enzyme solution is added. 
~tt s 
Specific viscosity =  V  1 
tH,o 
An example of the curves obtained in this way with the various proteins are shown JOHN H. NORTHROP  49 
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FIG.  2.  Changes  in  viscosity of  casein solutions with  different  quantities  of 
crystalline pepsin. 
in Figs. 1 and 2.1  The number of activity units present are  calculated from the 
slope of these curves as shown in  Table I.  The  calculation  has  been  carried 
1 The curves for the change in viscosity of standard milk previously published 
(Northrop, J. H., J. Gen. Physiol.,  1931,  15, 41)  referred to Parke, Davis v.s.e. 50  PEPSIN  ACTIVITY  UNITS  AND  PEPTIC  ACTIVITY 
out only for one concentration of enzyme but it can be seen from the slopes of the 
curves that the rate of change of the viscosity is very nearly proportional to the 
quality of enzyme present. 
In calculating the value for the increase of viscosity with casein the slope of the 
viscosity-time curve is measured at the time when the viscosity has returned to its 
original value.  The time required for the viscosity to return to this point could 
be used as a  measure of the speed as has been done by Holter (9),  but in this 
laboratory this figure appears to vary more with different preparations than does 
the slope of the line. 
II.  Determination of Activity As Measured by the Production of Non- 
Protein Nitrogen 
Protein Solutions 
This determination is made only with casein and edestin and the same solutions 
are used as for the viscosity measurements. 
In order to obtain a figure for the activity  which will be independent of the quan- 
tity of the enzyme and of the time of the determination it is necessary to choose 
conditions under which the rate of the reaction is directly proportional to the time 
and to the quantity of enzyme.  This relation holds only in the very first part of 
the reaction.  It is necessary therefore to work either with very low concentrations 
of enzyme or very short time intervals.  Two general methods are possible.  The 
increase in the formation of soluble nitrogen at different time intervals may be 
determined and the initial rate of increase interpolated from the curve obtained 
in this way, or the increase in soluble nitrogen at the end of a constant time inter- 
val with varying amounts of enzyme may be determined and the rate of formation 
of soluble nitrogen with small amounts of enzyme interpolated from the initial 
slope  of this curve.  The activity for any one preparation of enzyme, as deter- 
mined by these two methods, agrees within a rather wide experimental error.  It is 
necessary when testing the activity of an unknown solution to measure more than 
one concentration of enzyme since in order to be significant the specific activity 
must be independent of the quantity of enzyme used for the determination and 
this can only be determined by making the test with more than one quantity. 
This is especially true of the method by which the change after the constant time 
interval is used since the curves obtained in this way vary considerably with the 
purity of the enzyme preparation. 
1:i0,000 pepsin and not to crystalline pepsin as the legend states.  The unit of 
activity for the rennet action (page 42 of the paper just quoted) is also incorrect 
and should read  "per  cent change in  additional viscosity of standard milk per 
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Technique of the Determination 
I.  Determination  from the Initial Rate of Digestlon.--1.O ml. samples of the pepsin 
solution are added to a  series of tubes containing 5 ml. of the protein solution at 
35.5°C.  A blank determination must be made with each pepsin solution by adding 
1 ml. of a solution of pepsin which has been boiled for 5 minutes.  5 ml. of 20 per 
cent trichloracetic acid is then added to the tubes at successive time intervals, the 
suspensions are filtered, and total nitrogen in 5 ml. of the filter is determined by 
the micro Kjeldahl method.  The quantity of non-protein nitrogen in 6 ml. of the 
original digestion mixture is calculated from this figure, corrected for the blank 
determination, and plotted against the time in minutes at which the samples were 
taken.  The activity, by definition, is then determined as the initial slope of these 
curves and the specific activity of the enzyme sample tested is this slope divided by 
the  quantity of enzyme present.  An example of an  experiment in  which  this 
determination was made with a preparation of crystalline pepsin and with casein 
TABLE  II 
Calculation of Peptic Activity from Non-Protein Nitrogen Time Curves 
Protein 
M1.  N/50  N  per min.  (from initial 
slope) .........................  0.4 
Mg. pepsin N ....................  0.022 
Activity  per  rag.  pepsin  N. 
rD TT  1Prot. N 
t ....  Jmg. N  ...................  0.36 
Casein  Edestin 
1.1  1.9 
0.05  0.10 
0.44  0.38 
0.16 
0.010 
0.32 
0.34 
0.020 
0.34 
0.9 
0.05 
0.36 
and edestin is shown in Fig. 3 and the calculation of the activity is given in Table 
II.  The figure for the specific activity obtained in this way is independent of the 
quantity of the enzyme used, within the error of the method. 
II. Determination of the A ctivity from the Quantity of Digestion after 1 Hour.--1.O 
ml. of the pepsin solution containing varying amounts of pepsin is added to a series 
of tubes containing 5.0 ml. of the standard protein solution, and digestion allowed 
to continue for 1 hour at 35.5°C.  The solutions are then analyzed as described for 
the preceding method and the quantity of soluble nitrogen per 6 ml. of the original 
digestion mixture plotted against the quantity of pepsin used.  The specific  activity 
of the preparation is determined from the initial slope of this curve as in the pre- 
ceding  method.  Standard  curves,  as  determined  in  this  way  with  crystalline 
pepsin and with casein and edestin, are shown in Fig. 4.  The curves for casein 
and for edestin, with the two particular samples of proteins used in this experi- 
ment, are identical.  The activity as determined from the initial slope of this curve 
is about 0.46 milliequivalents per minute per milligram protein nitrogen, which 52  PEPSIN  ACTIVITY  UNITS  AND  PEPTIC  ACTIVITY 
agrees with the value obtained from the time curves  ~ by the preceding methods. 
In other words, 1 mg. of crystalline pepsin nitrogen has an activity of 0.46 units by 
this method.  In determining the activity of an unknown solution the equivalent 
number of milligrams of crystalline pepsin nitrogen corresponding to the increase 
in non-protein nitrogen is read from the curve and this figure times 0.46 gives the 
number of activity units in 1 ml. of the unknown sample. 
ml. 
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FIa. 3.  Increase in non-protein nitrogen from edestin and casein solutions with 
different quantifies of crystalline pepsin. 
FIG. 4.  Formation of non-proteln nitrogen from casein or edesfin after 1 hour 
at 35.5°C.  with different quantities of crystalline pepsin. 
2 This experiment is simply a result of the fact that the extent of enzyme reac- 
tions in general is determined by the product of the enzyme concentration into 
the time during which it acts.  For instance, if E1 concentration of enzyme acting 
for  T1  minutes causes  the reaction to proceed A  units,  then  any other pair of 
values of E and T, such that ET  =  E1T1, will cause the same amount of reaction, A. 
The curves for different quantities of enzyme after the same time, and the curve 
for the same amount of enzyme at different times  could, therefore, be combined 
into one curve in which the amount of digestion was plotted against the product of 
the enzyme concentration into the time. JOHN  H.  NORTHROP  53 
IlL  Method of Determination  of Activity  by  the  Increase  in Formol 
Titration 
Protein Solutions 
Gelatin.--30 gin. air-dry isoelectric gelatin dissolved in about 400 ml. of water 
at 40°C., 29 ml. of ~/1 hydrochloric acid added, and the solution made up to 500 
ml.  The pH of this solution should be approximately 2.5. 
The same edestin and casein solutions were used as for the other methods. 
Technique of the Determinations 
1. Method of Determining Activity from Time Curves.--1.O ml. of the pepsin solu- 
tion is added to a series of test-tubes each containing 5.0 ml. of the standard pro- 
tein solution.  At  various time  intervals 5.0  ml.  of  strong sodium hydroxide 
is added to the mixture.  The strength of the sodium hydroxide is adjusted by trial 
until 5.0 ml. is just sufficient  to bring the solution to a faint pink to phenolphthalein. 
TABLE  III 
Calculation of Peptic Activity of Crystalline Pepsin by Formation of Non-Proteln 
Nitrogen from Initial Slope of I Hour Curves 
Protein  Casein  Edestin 
M1. N/50 N per hr. per 6.0 ml. solution (from initial  slope) .... I  7.0  7.0 
Prot  S  rnilliequivalents per rain. =  [P.U.]  •  . ..............  ]  0.0023  0,0023 
Mg. pepsin N .........................................  tl  0.005  0,005 
Activity per rag. pepsin N.  [P.U. ]Pmr~!'N  S  ..................  I  0.46  0,46 
The alkali should be run carefully down the side of the tube so as not to mix with 
the protein solution.  After the 5 ml. of sodium hydroxide has been added the tube 
is shaken quickly.  This procedure prevents the formation of large clumps of pre- 
cipitated protein.  The tube is then shaken gently until all the protein precipitate 
is dissolved; 1.0 ml. of 40 per cent formaldehyde solution is then added and the 
solution titrated to match the standard solution  with ~/50 sodium hydroxide. 
A blank determination  is carried out with a sample of the pepsin solution which 
has been inactivated by boiling. 
Preparation of the Titration Standard (10).--The greatest  difficulty with  the 
formol titration, as usually carried out, is due to the fact that the color of the solu- 
tion does not exactly match the standard.  This difficulty can be avoided by mak- 
ing the standard out of another sample of the solution itself.  To prepare such a 
standard a sample is run in the same way as for an actual determination.  1 drop 
of 0.1 per cent phenolphthalein and a  large excess of alkali is added so that the 
indicator  develops  its  maximum  color.  In  titrating  the  unknown,  1  drop 54  PEPSIN  ACTIVITY  UNITS  AND  PEPTIC  ACTIVITY 
of  0.5  per  cent  phenolphthalein  is  used  and  the  titration  continued  until 
the unknown exactly matches the standard.  By this method  the  end-point  can 
usually be determined  to  less  than  :t:  0.05  ml.  •/50  sodium  hydroxide.  The 
difficulty with this method is that the total titration is very large so that if it were 
carried on entirely with fiftieth normal alkali a  large volume of alkali would be 
required and the end-point would be very uncertain.  This difficulty is avoided by 
using  a  small volume of  concentrated  alkali  to  neutralize most  of  the acid and 
TABLE  IV 
Calculation of Peptic Activity from Formol Titration Time Curves 
Protein 
M1. N/50 formol 
titration  per 
min. 
Mg.  pepsin  ni- 
trogen.. 
Milliequivalents 
titration  per 
min.  per  rag. 
pepsin  N 
[P.U. ] ~Prot. F  I 
nag. N  " " 
0.05 
0.60 
Gelatin 
0.075  0.10 
1.0  2.0 
0.0015 ~).0010 
i 
0.17  0.07  I 
3.0  ID.012 
0.0011 0.11 
Casein 
0.40 0,05 
0.09 0,005 
0.09 0.20 
i 
0.10  3.18 
I 
0.02•  3.04 
0.10  0.09 
Edestin 
0.10 
3.011 
0.25 
0.028 
3.0016  D.18  0.18 
TABLE  V 
Calculation of Peptic A ctivity of Crystalline Pepsin by Formol Titration from Initial 
Slope of I  Hour Curves 
Protein  Casein  Edestin  Gelatin 
M1. ~/50 per hr. per 6.0 ml. digestion mixture 
(from initial slope) ..................... 
milliequivalents per  min. =  [P.U.]Pr°t' F. 
Mg. pepsin nitrogen ...................... 
[p IT  1  Prot. F  Activity per rag. pepsin N.  t  -~. Jmg. N  .... 
2.2 
0.0007 
0.01 
0.07 
2.0 
0.00066 
0.004 
0.16 
0.5 
0.00017 
0.2 
0.00085 
finishing the titration with dilute alkali.  It is necessary to measure the concen- 
trated  alkali to  0.01  ml. which can best be done by means of a  delivery pipette 
graduated  both  above and  below the bulb.  It is also  necessary  to measure  the 
5 ml. of protein solution with the same accuracy since a  small error in this volume 
affects the final titration  value very markedly owing to  the high acidity of  the 
solution.  Owing to changes in the viscosity of the protein solution samples cannot 
be measured with sufficient accuracy if the digestion is carried on in a large volume 
and 5.0 ml. samples pipetted out at different times. JOHN  H.  NORTHROP  55 
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FIG. 5.  Increase in formol titration of gelatin, casein, and edestin with different 
quantities of crystalline pepsin. 
FIG. 6.  Increase in the formol titration of gelatin,  casein, and edestin after  1 
hour with different quantities of crystalline pepsin. 56  PEPSIN  ACTIVITY  UNITS  AND  PEPTIC  ACTIVITY 
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2.  Method of Determining Activity from the Titration Values.--The  increasein the 
titration per 6.0 ml. of the digestion mixture is plotted against the time of digestion 
and the activity determined from the initial slope of this curve exactly as in the 
case of the non-protein nitrogen method.  A series of determinations made in this 
way with crystalline pepsin and with casein, gelatin, and edestin are shown in Fig. 5 
and Table IV.  The specific activity is independent of the quantity of enzyme 
within the rather wide error of the method. 
3.  Method of Determining the Activity from the Amount of Digestion after 1 Hour 
at 35.5°C.--A  standard curve for the increase in the formol titration after 1 hour 
with various quantities of the enzyme is prepared in the same way as for the non- 
protein nitrogen method.  The specific activity is calculated from the initial slope, 
as described above, and  determinations with an unknown  sample are made  by 
interpolating from the curve as described for the previous method.  The curves 
obtained with crystalline pepsin and with casein, edestin, and gelatin are shown 
in Fig. 6 and the calculation of the specific activity in Table V. 
Accuracy of the Formol and Non-Protein Nitrogen Methods 
In  comparative experiments with the  same protein preparations the activity 
of an unknown  solution may be determined with an accuracy of about  4- 5 per 
cent for one determination but  different casein and  especially different  edestin 
preparations vary, for some unexplained reason, quite considerably.  The value 
obtained with gelatin is much more constant with different gelatin preparations but 
the experimental error is greater than with casein or edestin owing to the small 
titration value.  A  summary of the specific activity of  several preparations of 
crystalline pepsin as determined by these methods is shown in Table VI.  The last 
line of the table gives the concentration of the solution of crystalline pepsin used 
for the determination.  The table shows that the activity of the various prepara- 
tions as measured by any one method is quite constant except for the casein V + 
method and  the  casein and  edestin formol  titration.  With  these  methods  the 
values for the activity found with the last preparation is considerably higher than 
that found for the first preparation reported.  A  sample of the first preparation 
had been preserved in glycerin in the ice box and when measured with the protein 
solutions used to determine the activity of the last preparation, showed the same 
activity.  The  variation, therefore, is due  to  variation in  the protein solutions 
rather than in the pepsin.  The activity units used in this table are the same as 
those used in the paper on the preparation of gelatinase (3) except that the present 
ones are expressed as activity per milligram pepsin nitrogen while in the paper 
referred to the activity was expressed as per gram nitrogen.  They differ, how- 
ever, from the activity units used in the first paper on the activity of crystalline 
pepsin (11)  since in that case the activity, as determined by changes in viscosity, 
was arbitrarily assumed  to be numerically equal to  that  determined by formol 
titration. 58  PEPSIN ACTIVITY UNITS AND  PEPTIC ACTIVITY 
SUMMARY 
Experimental methods are  described for determining the activity 
of pepsin preparations by means of changes in the viscosity of gelatin, 
casein, edestin, and powdered milk solutions, and by the rate of forma- 
tion of non-protein nitrogen from casein and edestin solutions, or by 
the increase in formol titration of casein, edestin or gelatin. 
Activity units for pepsin are defined in terms of these measurements. 
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